Abstract. Methyl ammonium lead tri-iodide hybrid thin films were grown using solution technique. They were doped with silver nano-particles at different concentrations at concentrations of 0.05, 0.06, 0.07, 0.08, and 0.09 mM. Their reflectance and transmittance were recorded in the wavelength range 300-900 using UV-Vis double -beam spectrophotometer. Using these measurements, other optical parameters were simulated using scout software. The effect of silver nanoparticles was investigated. Results revealed that the thin films had highest transmittance of about 79 % as their band gap varied from 1.921-1.832 eV. Electrical conductivity varied from 1.4-1. . It was concluded that the thin films were suitable for photonic device applications.
INTRODUCTION
Hybrid nonlinear optical materials have received much interest because of their potential applications in optical devices such as optical signal processing, optical switching and optical power limiting [1, 4, 21] . Hybrid materials are currently attracting considerable attention and they are emerging as a new front runner promising materials for optical devices applications owing to their high nonlinearity and ultra-fast responses. These are qualities required in many scientific and material technology device applications [8, 22] . Hybrid materials can be modified when they are doped using suitable metal nanoparticles to display unique optical nonlinearities. In this study, silver nanoparticles were chosen because have excellent unique nonlinear optical properties. Silver as a dopant in methyl ammonium lead tri-iodide, it may contribute to its nonlinear to offer several characteristics advantages like flexibility, ease of fabrication, good transparency or non linear reflectivity, photo and thermal stability [3, 19, 24] . Low fabrication cost may be an added advantage. Scientific developments have developed various techniques to prepare the hybrid films [10, 28, 29] . Among them is solution technique which is a very good, simple, and easy to prepare the hybrid films. It is a technique that was employed to grow silver containing methyl ammonium lead tri-iodide hybrid films at different concentrations. This work reports on the optical properties of CH3NH3PbI3, as modified by silver nanoparticles as simulated using the scout software.
THEORETICAL FRAMEWORK
It's generally accepted that in thin or thick films or wafers, linear absorption coefficient  of an optical medium is usually described by the Lembert-Beer law [7] as (1):
(1)
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This is acceptable that absorbance A can be defined as (2):
So that Equation (2) can be written as (3) :
From the Equation (3) absorption coefficient takes the form (4):
where 0 I -is the incident light intensity; A -is absorbance; I -is the transmitted light intensity; L -is the length of the absorbing medium.
The extinction coefficient k of the medium sample is directly proportional to the absorption coefficient  according to the following Equa-
where  -is the wavelength of incident light [15] .
Based on this concept, the refractive index n is fundamental parameters as it relates the properties of material as [20] :
where the optical reflectance R of the material is given by the relation [15] :
Optical conductivity and refractive index of the material relates as [30] : 
where h -is the Planck's constant; ν -is the frequency of incident photons; C -is a constant, its value depends on the transition probability; m -is an index, its value depends on the type of the electronic transition [12] . 
METHODOLOGY

Material and Chemicals
Preparation of silver nanoparticles
Sodium dodecyl sulphate and sitrate of sodium were used. Silver nitrate solution containing 1.0 mM and sodium dodecyl sulphate of concentration of 8 % w/w was used as a metal salt precursor and a stabilizing agent, respectively. Hydrazine hydrate solution with a concentrate ranging of 1.0 mM and citrate of sodium solution of 1.0 mM was used as a reducing and stabilizing agents. The silver nanoparticles were purified by centrifugation and to remove excess silver ions, the silver colloids were washed at least three times with de-ionized water under nitrogen stream. The obtained dried powder of the nanosize silver was obtained. This solution was diluted by the solvent and samples of solutions with different nanoparticles concentrations were obtained. Silver nanoparticles with different concentrations (0.05, 0.06, 0.07, 0.08, 0.09 mM) were used. Then, the right quantities were measured and used to coated thin glass substrates and kept for drying for 48 hours at room temperature [25] .
Preparation of silver doped CH 3 NH 3 PbI 3 Thin films Thin films of CH3NH3PbI3 were prepared by solvent-solvent method as proposed [34] . The precursors was dissolved in a solvent called NMP, then Ag-NPs solution were added before coating was done onto a glass substrate. The coated substrate was bathed in diethyl ether DEE, a second solvent that selectively grabbed the NMP solvent and whisked it away leaving an ultra-smooth film of crystals.
Characterization of silver doped CH 3 NH 3 PbI 3 Thin Films
Transmittance and reflectance was measured by a spectrophotometer within the wavelength range 300-900 nm. Optical parameters were determined through simulation using a computer program (Scout 2.4 software). Analysis was carried out to evaluate the optical properties and the interactions of intrinsic and extrinsic properties of Ag-CH3NH3PbI3 as modified by silver nanoparticles. An uncoated glass slide was used as a reference sample for determining transmittance, reflectance, and absorption to determine other optical constants like band gap and energy losses.
RESULTS AND DISCUSSION
Crystal Structure
The crystal structure of was accepted in this work as developed by models in literature [2, 5, 13] . This formed the base of explaining the observations made in this work. Absorbance A , transmittance T and reflectance R was obtained for silver nanoparticles-doped hybrid perovskite thick films at different nanoparticles concentrations recorded over the wavelength range 300-900 nm using the UV-Vis Spectrophotometer. The raw data was plotted to obtain curves using Origin Pro software. The interactions based on simulated data was analyzed and explained.
A crystal structure is composed of a unit cell, a set of atoms arranged in a particular way; which is periodically repeated in three dimensions on a lattice. A crystal structure is a unique arrangement of atoms in a crystal. The obtained doped hybrid perovskite thick films were examined and found to be uniform. Its optical quality was also good. The crystal structure of the precursor methyl ammonium lead tri-iodide is given in Figure 1 . 
Absorbance
A
Although silver nanoparticles at different concentrations were used as follows, it was assumed that the thickness of the films was uniform. In this work, an average large thickness of 89 nm was obtained. Since absorbance is measure of the capacity of a substance to absorb light of a specified wavelength. It is equal to the logarithm of the reciprocal of the transmittance and therefore, the plot in Figure 2 depicted the variation absorbance against wavelength. As depicted in Figure 2 , the films exhibited strong broad band with peak absorption at around 530 nm wavelength. This absorption peak was similar to silver nanoparticles peak shown by silver nanoparticles of about 60 nm nano-size [9, 15, 16, 23] . It was also observed that absorbance varied within 10-17 % for all concentrations used.
Transmittance T
Transmittance is the ratio of the radiant energy transmitted through a sample to the radiant energy incident on the surface of the sample. It is the fraction of incident electromagnetic power that is transmitted through a sample, in contrast to the transmission coefficient, which is the ratio of the transmitted to incident electric field. Transmittance reached as high as about 79 % for thick films containing low silver nanoparticles concentration of 0.05 mM. However, this decreased as silver nanoparticles concentration increased as depicted by Figure 3 . 
Reflectance
R
Reflectance of a material defines how effective the surface reflects radiant energy. It is the fraction of incident electromagnetic power that is reflected at an interface. The reflectance spectrum or spectral reflectance curve is the plot of the reflectance as a function of wavelength. The spectrum curves of the reflectance of the thick films had a similar but inverted behavior to those of the absorbance as depicted in Figure 4 .
This was therefore attributed to the correlation between reflectance and the absorbance for all concentrations used. It was observed that the value of reflectance R was minima for the low nanoparticles concentration of 0.05 mM at about 6.4 % at visible wavelength region. However, this reflectance increased with increasing silver nanoparticles concentrations till it attained a value of about 9.2 % at 0.09 mM at wavelength  of approximately 545 nm. From the Figure 6 , it can be noted that the variation of extinction coefficient was approximately similar to that of absorption coefficient. This was in agreement as this was equally portrayed by the direct relation between the two constants by Equation 5 . Therefore, based on the findings, the extinction coefficient varies within the range 1.0-1.7 10 -5 .
Refractive Index n
Refractive Index or index of Refraction is a value calculated from the ratio of the speed of light in a vacuum to that in a second medium of greater density [18] . Refractive index variable is symbolized by the letter n or ' n in descriptive text and mathematical equations. The variation of the refractive index n with incident photon energy hv for different nanoparticles concentration s plotted in Figure 7 and it can be shown that the refractive index was within the range of 1.6-1.8 for the concentration used. respectively and the results obtained were plotted in Figure 8 for optical conductivity and Figure 9 for electrical conductivity respectively for different nanoparticles concentrations. Electrical conductivity is the measure of a material's ability to allow transport of an electric charge and it is taken as the ratio of the current density to the electric field strength. It is equivalent to the electrical conductance measured between opposite faces of a 1-metre cube of the material under test [14, 26] . Similarly, the electrical conductivity elect  was determined and it was found out that it varied within the range 1.4-1.6 10 5 S cm -1. It was concluded that the value of elect  was noted to be high at the low photon energies and consequently decreased as the incident photon energy hv increased.
Optical band gap g E
In hybrid perovskite semiconductors, electrons are confined to a number of allowed bands of energy, and forbidden bands of energy in other regions. Therefore, the term "band gap" refers to the energy difference between the top of the valence band and the bottom of the conduction band. Electrons are able to jump from one band to another. In this work, the values of the band gap hv with abscissa [33, 34] is used. The simulated band gap was tabulated in table 1 where it was observed that silver nanoparticles increased the band gab [15] . This was explained that increase in absorption coefficient  was not as a result of introducing silver dopant atoms but rather, it was due to the change and realignment of the crystal structure. This was attributed to the crystal defects. It was assumed that the rotation of the PI3 octet may have been restricted to rotate and as a result, the interaction of the Valence band and conduction band may have shifted resulting to increased band gap [6, 14, 17] . From Table 1 , it was concluded that the band gap of the CH3NH3PbI3 hybrid perovskite film was modified significantly by the presence of silver nanoparticles resulting into a decreased band gap from 1.921-1.832 eV [9, 27, 32] . This was attributed to a creation or inhalation of both structural and point defects within the optical energy band gap.
CONCLUSIONS
In this work, silver nanoparticles were used to dope CH3NH3PbI3 hybrid perovskite thin films using the solution technique at room temperature. Optical properties were investigated and determined for different silver nanoparticles concentrations where the results showed that the thin films had highest transmittance of about 79 % while its band gap varied from 1.921-1.832 eV. Electrical conductivity was 1.4-1.6 10 5 S cm -1 while optical conductivity varied within the range 0.3-0.6 10 10 sec -1 . The refractive index was within the range of 1.6-1.8 which was significantly low for optical applications. Finally extinction coefficient varied in the range 1.0-1.7 10 -5 while absorption coefficient varied within the range 2.1-4.2 cm -1 . It was concluded that the thin films grown were suitable for photonic device applications.
